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Abstract

Climate change became the most significant challenge as the world shifted towards environmental sustainability. Under this
premise, the primary aim of this study is to investigate the impact of real GDP per capita, electricity consumption, trade
openness, population, and financial development on the pollutant emissions within the Stochastic Impacts by regression on
population, affluence and technology (STIRPAT) framework for Southeastern European (SEE) countries. The objective of
this study is to cover not only the carbon dioxide emissions but also the overall estimates of greenhouse gas emissions by
incorporating both the carbon dioxide and total greenhouse gas emissions as proxies of environmental degradation. Empirical
results from fully modified ordinary least squares regression show that from 1997 to 2020, real GDP per capita, population
and electricity consumption exhibited unfavourable effects on pollutant emissions. In contrast, trade openness revealed a
favourable effect on pollutant emissions.The evidence concerning the impact of financial development on pollutant emis-
sions is mixed. The pooled mean group estimation also supports this. Moreover, the results of causality analysis disclose
bidirectional causality between electricity consumption and pollutant emissions and between trade openness and pollutant
emissions. However, a unidirectional causality from real GDP per capita to pollutant emissions is also revealed. The present
study suggests that in the long-run, real GDP per capita, population and electricity consumption may adversely affect the
environment in these SEE countries. Thus, the transformation toward renewable energy and energy-efficient technology is
needed to sustain long-term economic growth.

Article Highlights

e The paper examines the determinants of pollutant emissions within the STIRPAT framework.

¢ A panel dataset of the Southeastern European (SEE) countries is used for the period 1997-2020.

¢ Both the carbon dioxide emissions and total greenhouse gas emissions are incorporated as proxies of pollutant
emissions.

e Real GDP per capita and electricity consumption exhibited unfavourable impacts on pollutant emissions.

e Trade openness, population, and financial development are additional relevant determinants.

Keywords Electricity consumption - Financial development - Openness to trade - Pollutant emissions - Population -
Southeastern Europe - STIRPAT framework
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Introduction

Global warming is the most significant challenge that
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of greenhouse gases caused global warming (Arnab et al.
2013; Kamruzzaman et al. 2015; Gozgor 2017; Bese et al.
2020; Mehmood and Tariq 2020; Udi et al. 2020; Mujtaba
and Jena 2021; Yildiz 2022). Herein, it is critical to investi-
gate the driving mechanisms of pollutant emissions caused
by anthropogenic activity. The stochastic impacts by regres-
sion on population, affluence, and technology (STIRPAT)
model created by Dietz and Rosa (1997) is now the most
widely used method for determining the causes of pollu-
tion emissions (Morales-Lage et al. 2016; Wang et al. 2017;
Yan et al. 2017; Majeed and Taugqir 2020; Nosheen et al.
2021). Therefore, this study also used the STIRPAT model
to investigate the drivers of pollutant emissions. In addition,
various studies have included several other possible pollu-
tion emission drivers, such as financial development, free
trade, transportation industry, population, and foreign direct
investment (Lean and Smyth 2010; Sharma 2011; Bekhet
et al. 2017; Incekara 2019; Khan et al. 2019, 2022; Sun et al.
2019; Rehman et al. 2019; Satrovic and Dag 2019; Muslija
et al. 2019; Mujtaba et al. 2020, 2021; Shaari et al. 2020;
Adebayo et al. 2020; Verbi€ et al. 2021; Satrovic et al. 2021,
2022; Coban and Ozkan 2022; Jena et al. 2022; Damrah
et al. 2022).

Among these, human-related determinants like energy
(electricity) consumption, population, financial development
and trade openness are recognised as the most important
contributors to pollutant emissions (Salahuddin et al. 2018;
Adedoyin et al. 2022; Khan et al. 2022). Energy (electricity)
consumption is witnessed to bust economic growth since it
contributes to economic activities (Dogan and Seker 2016;
Majeed and Tauqir 2020; Khan et al. 2021). The combus-
tion of fossil fuels to meet the energy demand has generated
a surge in greenhouse gas emissions into the atmosphere
(Sun et al. 2019; Adebayo et al. 2020). Despite the positive
impact of energy consumption on economic growth, special
attention should be paid to the environmental effects of fossil
and non-fossil energy sources. In particular, non-renewable
energy is hypothesised to boost pollutant emissions, while
renewable energy is hypothesised to curb pollutant emis-
sions (Dogan and Seker 2016).

Indeed, international trade fosters economic growth since
it translates into productivity increases. In addition, inter-
national trade is beneficial for capital accumulation and
knowledge spillovers (Magazzino and Cerulli 2019; Ade-
bayo et al. 2020). However, the environmental impact of
trade openness and its role in mitigating climate change has
been critical. On the one hand, trade policies are powerful
tools to accelerate climate-friendly innovation to support
climate action. On the other hand, trade can have a negative
environmental impact by increasing pollution or exploiting
natural resources (Gozgor 2017). Furthermore, the increas-
ing population is a significant determinant of pollutant emis-
sions. Population growth increases energy consumption and
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increases the use of fossil fuels to generate electricity. There
is little knowledge about the relationship between financial
development and pollutant emissions and the role that finan-
cial development plays in this. Financial development may
benefit foreign direct investments and, as a result, economic
growth. Hence, financial development indirectly augments
pollutant emissions through higher energy consumption
(Shahbaz et al. 2020). In opposition to this thought, financial
development may help listed companies to improve energy
efficiency and technological innovation (Khan et al. 2019).

Based on the above arguments, this study explores the fol-
lowing research hypotheses: H;: Real GDP per capita is pos-
itively associated with pollutant emissions; H,: Electricity
consumption is positively linked with pollutant emissions;
H;: Openness to trade is positively associated with pollut-
ant emissions; H,: Population is positively connected with
pollutant emissions; Hs: Financial development is positively
associated with pollutant emissions. If the hypotheses are
rejected, the selected macroeconomic variables can deliver
pollutant emissions reductions. Otherwise, the selected
determinants of pollutant emissions achieve an adverse
environmental effect.

The current study incorporates carbon dioxide emissions
per capita and total greenhouse gas emissions from fuel
combustion as proxies of pollutant emissions, affluence (real
GDP per capita), technology (electric power consumption),
population, trade openness, and financial development. The
Southeastern European (SEE) countries are considered in
this study. This is motivated by several aspects. First, even
though the determinants of pollutant emissions have been
the subject of intense research during the last three decades,
only a few studies have been documented for SEE countries.
Second, pollutant emissions in these countries rose dramati-
cally during the past two decades, influencing air quality
(EEA 2010). Moreover, coastal areas face challenges, such
as illegal solid waste dumping from urban areas, population
density and the use of fossil fuels (EEA 2008).

The primary goal of this study is to use the STIRPAT
model to investigate the determinants of pollutant emissions
and the impact of these factors on the environment in SEE
countries. In addition, this study will assist in determining
whether the selected macroeconomic variables have posi-
tive or adverse environmental effects. Finally, this study
also attempts to investigate the causal relationship between
the variables and the series’ causal relationship will reveal
whether the selected variables cause pollutant emissions.

On the methodological front, the study starts by testing
for unit roots and cointegration relationships in the selected
variables. Furthermore, the panel cointegration regression
will be estimated using the fully modified ordinary least
squares (FMOLS) estimator, whereas the panel autore-
gressive distributed lag (ARDL) model will be estimated
using the pooled mean group (PMG) method to examine the
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dynamic causal relationships between pollutant emissions,
electricity consumption, real GDP per capita, the openness
of trade, financial development and population for a panel
of ten SEE countries for the period 1997-2020 within the
STIRPAT framework. Finally, the panel vector error-correc-
tion model (VECM) is estimated to examine short-term and
long-term Granger causality.

This study contributes to the literature in several dimen-
sions: (i) in addition to the carbon dioxide emissions, the
current model also uses the newly introduced indicator of
pollutant emissions, i.e., the total greenhouse gas emissions
from fuel combustion, to cover not only the carbon diox-
ide emissions but also the overall estimates of greenhouse
gases emissions; (ii) this study uses the STIRPAT model
to explore the determinants driving pollutant emissions in
ten Southeastern European (SEE) countries using the most
recent available data; (iii) introduction of openness to trade
and financial development into the STIRPAT model; and
(iv) selection of electric power consumption to indicate the
technological factor within the STIRPAT model. The study
is the first to explore the nexus among the series through the
STIRPAT model in the SEE countries. In addition, this study
fills the gap in the literature by examining the dynamic rela-
tionship between pollutant emissions, electricity consump-
tion, real GDP per capita, population, openness to trade,
and financial development for a panel of ten SEE countries.

The remainder of the study is organised as follows. Sec-
tion 2 briefly overviews the literature survey on pollutant
emission and its main drivers. Sections 3 and 4 explain the
data, empirical model, and econometric methods for panel
data. Section 5 reports and analyses the empirical results,
whereas Sect. 6 summarises empirical findings and renders
some policy implications.

Literature Review

The environmental impact of macroeconomic variables has
been studied in various countries and regions through the
STIRPAT model, including but not limited to the European
countries, using multiple econometric approaches. For
instance, Morales-Lage et al. (2016) explored the deter-
minants of carbon dioxide emissions in the 28 European
Union countries during 1971-2012 through the STRIPAT
model. They found the unitary elasticity of carbon dioxide
emissions concerning energy consumption, affluence and
population. Similarly, Majeed and Taugqir (2020) analysed an
extended STIRPAT model during 1990-2014 for a panel of
156 countries. All income groups report a significantly posi-
tive impact of technology and population on pollutant emis-
sions. Gonzélez-Sanchez and Martin-Ortega (2020) used the
case of Eurozone countries during the period 1990-2017

and identified energy consumption and affluence as the most
significant determinants of greenhouse gases.

More recently, Nosheen et al. (2021) used the STIRPAT
model to explore the impact of climate change technologies
on green growth in the European Union during 2000-2017.
The findings suggest that technologies and energy con-
sumption harm green growth. Neves et al. (2020) found that
renewable energy consumption reduces emissions in the sev-
enteen European Union countries from 1995 to 2017. Dogan
and Seker (2016) explored the linkage between renewable
energy, non-renewable energy, affluence, pollutant emis-
sions and free trade. The results showed a negative impact
of trade openness and renewable energy on pollutant emis-
sions in the European Union, whereas non-renewable energy
positively affects pollutant emissions. Similarly, Tian and
Da Costa (2014) pointed out that income inequality is in
parallel with per capita carbon dioxide emissions in Euro-
pean Union. Finally, Montero et al. (2021) suggested the
significant impacts of population, affluence and technology
on pollutant emissions in the Autonomous Community of
Madrid, Spain, at the municipal level.

Sun et al. (2019) conducted a study on a panel of East
Asia and Europe and found a negative relationship between
openness to trade and pollutant emissions. The determinants
of carbon emissions for countries in the Belt and Road Ini-
tiative (BRI) were examined by Zhu and Gao (2019) during
2005-2015. The results displayed a positive and significant
impact of affluence, energy use and population on carbon
emissions. The scenarios based on the STIRPAT model
suggested that GDP is the main factor of carbon reduc-
tion in China (Wang et al., 2017). According to Yan et al.
(2017), technological progress significantly reduces carbon
emissions in China, which has been explored through the
STIRPAT model. Salahuddin et al. (2018) revealed that
affluence, electricity consumption and foreign direct invest-
ment positively impacted pollutant emissions in Kuwait
during 1980-2013. Arouri et al. (2012) examined the link-
age between pollutant emissions, affluence, and energy
consumption for 12 MENA countries from 1981 to 2015.
They found that energy consumption and affluence exhib-
ited positive and negative impacts on pollutant emissions.
Magazzino and Cerulli (2019) have adopted a responsive-
ness scores approach to evaluate the association between
affluence, energy and pollutant emissions in the Middle
East and North Africa (MENA) countries. They revealed
that affluence and energy consumption positively impact
pollutant emissions, while trade openness and urban popu-
lation negatively affect them. Lean and Smyth (2010) use a
panel VECM to evaluate the nexus amid pollutant emissions,
affluence and electricity consumption for the Association of
Southeast Asian Nations (ASEAN) countries. They revealed
a positive impact of electricity consumption and affluence
on pollutant emissions during 1980-2006.
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Furthermore, using a panel of MINT (Mexico, Indone-
sia, Nigeria, and Turkey) economies, Adebayo et al. (2020)
investigated the dynamic connections between pollutant
emissions, wealth, energy consumption, trade openness,
and population. The study’s findings revealed a positive
relationship between energy use and pollution emissions,
while population and trade openness negatively affected pol-
lutant emissions. Ibrahim et al. (2017) analysed the impact
of energy consumption and economic growth in Turkey dur-
ing 1960-2015 within the STIRPAT framework and found a
positive association between energy consumption and pol-
lutant emissions.

Mujtaba et al. (2020) investigated the relationship
between economic output, energy consumption, free trade,
population and pollutant emissions in 25 upper-middle-
income group countries. The results revealed that energy
consumption and population are positively related to pol-
lutant emissions, while economic output and trade open-
ness negatively impact pollutant emissions. Coskuner et al.
(2020) investigated the determinants of pollutant emissions
in the Organization of Petroleum Exporting Countries
(OPEC) during the period 1995-2016 and found a positive
association of energy consumption with population, which
signifies that these macroeconomic variables are essential
drivers of pollutant emissions. Considering the sample of
twenty Organization of Islamic Cooperation (OIC) coun-
tries, Shaari et al. (2020) examined pollutant emissions
determinants and exhibited a negative environmental impact
on national output in the long run. Moreover, the principal
results reveal no environmental effect of affluence in the
short run.

Shafiei and Salim (2014) analysed the association
between non-renewable energy consumption and pollut-
ant emissions using the STIRPAT model for OECD coun-
tries during 1980-2011 and found a positive association.
Singh and Mukherjee (2019) revisited the STIRPAT model
in the United States, spanning data from 1990 to 2014 and
identified affluence as the primary determinant of pollutant
emissions. Liddle and Lung (2010) explored the data dur-
ing 1960-2005 and found that the impact of the population
on the environment in developed countries varies greatly by
age group. On the other hand, Adedoyin et al. (2022) found
that the economic complexity index and economic policy
uncertainty moderate the contribution of energy consump-
tion to emissions for the four World Bank Income clusters.
Moreover, a study conducted by Sharma (2011) for a panel
of 69 countries during the period 1985-2005 witnessed a
positive impact of affluence, trade openness and electricity
consumption on pollutant emissions.

Considering the studies on causal relationships, Adebayo
et al. (2020) established one-way causation from affluence
to carbon dioxide emissions. Khan et al. (2019) reported
bidirectional causality between trade openness and pollutant
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emissions, while the analysis does not reveal evidence of a
statistically significant causal impact of financial develop-
ment. Bekhet et al. (2017) suggested a one-way causal rela-
tionship from financial development to pollutant emissions
in Oman during the period 1980-2011. In the same vein,
Omri et al. (2015) examined the nexus between pollutant
emissions, financial development, free trade, and economic
growth for a sample of MENA countries, and they revealed
no causal relationship between financial development and
pollutant emissions. Bento and Paulo (2014) exhibited that
energy consumption and affluence drive pollutant emissions
in Italy. Similar findings are presented by Li et al. (2021) for
30 provinces of China. Akpan and Akpan (2012) analyse the
relationship between electricity consumption, affluence and
pollutant emissions. The results confirm unidirectional cau-
sality from affluence to pollutant emissions. Abul and Satro-
vic (2022) found a two-way causal link between ecological
depletion and affluence. Similarly, Odugbesan and Rjoub
(2020) used the panel of MINT economies and found one-
way causality from energy consumption to pollution emis-
sions for Indonesia and Nigeria, while bidirectional causality
was found for Turkey and Mexico.

Conclusively, controversial findings are observed from
the literature regarding the impact of macroeconomic vari-
ables on pollutant emissions. Therefore, the current study
considered the SEE countries to analyse the environmen-
tal impact of various macroeconomic variables on pollut-
ant emissions. Although these countries signed the Kyoto
protocol as well as the Paris agreement, pollutant emissions
are still a major concern in these countries. Therefore, it
is warranted to explore the real determinants of pollutant
emissions for SEE countries. Previous studies that evaluate
SEE countries within the European Union (Nosheen et al.
2021; Neves et al. 2020; Majeed and Tauqir 2020; Dogan
and Seker 2016; Tian and Da Costa 2014; Liddle and Lung
2010), concluded with controversial findings. Therefore,
the current study intends to fill this gap in the literature by
establishing an augmented list of pollutant emissions fac-
tors within the STIRPAT framework specifically for SEE
countries alone by incorporating both the carbon dioxide
and total greenhouse gas emissions as proxies of pollutant
emissions.

Empirical Model and Methodology

This study investigates the dynamic interactions between
pollutant emissions, real GDP per capita, electricity con-
sumption, openness to trade, population, and financial devel-
opment in ten SEE countries within the stochastic version of
the IPAT model (STIRPAT). The STIRPAT model is derived
from the traditional IPAT (Impact, Population, Affluence and
Technology) model (Ehrlich and Holdren 1971), specifying
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that environmental impact (/) is determined by the size of
population (P), affluence (4), and technology (7). A stochas-
tic version of IPAT, proposed by Dietz and Rosa (1997), can
be formalised as:
I, = a;PPAS T, (1
where countries are denoted by i and time periods by
t; b,c, and d are the parameters to be estimated, a is the
constant term, and £ denotes an IID disturbance term. Fol-
lowing the propositions of Wang et al. (2017), Yan et al.
(2017), Majeed and Tauqir (2020), Satrovic et al. (2021),
and Nosheen et al. (2021), all series are transformed into
logarithms:

Inl;, = a; + bInP;, + cInA;, + dInT;, + ¢, 2)

To incorporate some other potential driving forces of pol-
lutant emissions into the STIRPAT framework, the model
proposed in this study is formulated as:

L(PEM),, = a, + a;L(AFL),, + a, L(POW),, + a3 L(FTR),,
+ a,L(POP),, + asL(DCP),, + ¢,
3)

In Eq. 3, PEM refers to the pollutant emissions variable
measured in this study by carbon dioxide emissions per cap-
ita (CO) and total greenhouse gas emissions from fuel com-
bustion (GHG), AFL is the proxy for affluence (real GDP
per capita), POW is the proxy for technology (electric power
consumption), POP captures population (total), F7R is the
proxy for trade openness, and DCP represents the proxy for
financial development. The dependant and explanatory vari-
ables are again logarithms (L). The indicesi =1, ..., N and
t =1,..., T represent SEE countries and time, respectively.
The coefficients a; — a5 thus capture the long-run elasticity
estimates of pollutant emissions concerning real GDP per
capita, electric power consumption, openness to trade, popu-
lation, and financial development, respectively.

Prior to applying the proposed econometric models, a
cross-sectional dependence (CD) test proposed by Pesaran
(2004) is used to examine the cross-correlation in the series.
After confirming CD, the second-generation unit root test
(i.e., CIPS) developed by Pesaran (2007) is applied. West-
erlund’s (2007) cointegration tests are further performed to
determine whether pollutant emissions and selected mac-
roeconomic variables have a stable, long-term relationship.
The Westerlund cointegration technique is suitable for a
situation where there is cross-correlation in the series. To
further check the robustness of the Westerlund cointegration,
the Kao (1999) cointegration test is also applied. The null

hypothesis assumes no cointegration, whereas the alterna-
tive assumes that the variables move together in time (Kao
1999).

Evaluation of long-term associations between the varia-
bles requires the estimation of the long-run models. Accord-
ingly, the panel autoregressive distributed lag (ARDL)
model is used as the primary approach and the pooled mean
group (PMG) estimation method to estimate the regression
coefficients. Following Pedroni (2000), the fully modified
ordinary least squares is employed to conduct the long-term
model estimation. The estimation of panel regression based
on the fully modified ordinary least squares can be shown
as Eq. 5 (Pedroni 2000):

N T T
PemoLs = lz Z Xis n] (2 Z X3y = }'1+2,> @

i=1 t=1 i=1 =1

In Eq. 4, cointegrated variables are represented by
X;, and y,,. The m0d1f1ed version of the outcome vari-
able is denoted by y,, with the corrected serial correlation
terms, i.e. y, = (y; — ;) — W,05! V,,, where  and V
are the estimates of long-run covariances, w, stands for
the long-run standard errors of conditional process, and
71+2/ =TIy — Wiy, Aoy

The PMG panel data estimator is used as a robustness
check and derives the long-run regression coefficients from
the ARDL model. It is considered due to its advantage over
other panel error-correction estimators by employing both
pooling and averaging (Kim et al. 2010). The long-run coef-
ficients are restricted to be the same, while the short-run
coefficients vary across groups (Rehman et al. 2020). Pesa-
ran et al. (1999) propose the available specification for the
ARDL model as formalised in Eq. (5):

L(PEM), = 2 0,L(PEM),,_; + Z piXisit M+ Uy (5)

Jj=1 Jj=0

Here, X; captures regressors
L(AFL), L(POW), L(FTR), L(POP) and L(DCP), p;; repre-
sents regression coefficients of lagged explanatory variables,
p (regressand’s lag order) and g (predictor variables’ lag
order) vary across SEE countries, §; are the regression coef-
ficients of the lagged dependent variables, y; represents fixed
effects, and u;, is the general disturbance term.

The panel vector error-correction model (VECM) frame-
work is used to test for causality between selected macro-
economic variables. The VECM framework can be formal-
ised to test both short and long-term causality, as shown in

Egs. (6)-(11):
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AL(PEM), = 9+ ) 8,1, ALPEM), _,, + ¥ 9,5, AL(AFL), _,,

m m

+ Z 1913imAL(pOVV)it—m + 2 19I4imAL(FTR)A’t—m

m m

+ Z 1915imAL(POP)it—m + Z l916[111AL(I)CP)it—m

+ 7, ECT,_ + £y,
(6)
AL(AFL), = 9, + ) 9,1, ALPPEM),,_,, + Y 95, AL(AFL),,_,,
+ 9,3, ALPOW),_,, + 3" 84, ALFTR), _,,
m m
+ ) 925, AL(POP),,_, + 3" 85, AL(DCP), _,,
+ 0 ECT,_ + £y
)
AL(POW); = 95+ D 93, ALPEM),,_,, + Y 93, AL(AFL),,_,,
+ Z 1933imAL(POW)iI—m + Z 1934imAL(FTR)[’t—m
m m
+ Z 19351'mAL(P0P)it7m + Z l936imAL(DCP)iz‘7m
+ 73, ECT;_ | + &3
(3)
AL(FTR); = 84; + 2 41 ALPEM);_,,, + Z 42im AL(AFL),,_,
+ Z 19431’mAL(PC)VV)h‘—m + Z 1’944imAL(FTR)[t—m
m m
+ Z l9451’111AL(P()P)it*m + Z ’946imAL(DCP)i[7m
+ 74, ECT,_ | + &4,
)
AL(POP); = 95; + Z 951 AL(PEM),,_,,, + Z Is52im ALAFL),,_,,
+ Z 19531'1)1 AL(POW)tt—m + Z 1954imAL(FTR)iI—m
+ Z '955imAL(POP)it7m + Z 1956l'mAL(DCP)I’FM
+ 75, ECT;_ ) + €5
(10)

Table 1 Description of variables and sources

AL(DCP);, = 84 + Z 961im AL(PEM);,_,,, + 2 I62im AL(AFL), _,,
+ Z J63im ALPOW);,_,, + Z 64im ALFTR);,_,
+ Z &GSinlAL(POP)it—m + Z 1966[171AL(])CP)i[—rn

+ 1, ECT;,_y + £y
(11)
where A captures the first difference, m is the lag length,
and ECT stands for the error-correction term. The VECM
residual serial correlation test is used for the residual
diagnostics.

Data

According to the country classification of Jelavich (1983),
thirteen countries are in the SEE group. Data is not avail-
able for Serbia, Montenegro, and Kosovo. Thus Albania,
Bulgaria, Bosnia and Herzegovina, Greece, Croatia, Mol-
dova, North Macedonia, Romania, Slovenia, and Tiirkiye
are included. Balanced annual panel data on carbon diox-
ide emissions (CO2) are retrieved from the Global Carbon
Project (2021). Real GDP per capita, openness to trade and
population data are collected from the World Bank Devel-
opment Indicators Database 2021 release (World Bank
2021). The data on electric power consumption are obtained
from the World Bank (2021) and IEA Energy Data Centre
(International Energy Agency 2021a). The data on financial
development are obtained from the World Bank (2021) and
The Global Economy (2020). The data on the new proxy
of pollutant emissions (greenhouse gas—GHG emissions)
are retrieved from IEA Energy Data Centre (International
Energy Agency 2021b). The specific timeframe was dictated
by data availability. The major limitation of this study was
the unavailability of financial development data before 1997
and after 2020. Table 1 gives a summary of the selected
macroeconomic variables.

Variable Variable description Unit Source

CcO CO2 emissions Metric tonnes per capita Global Carbon Project (2021)

AFL GDP per capita Constant 2015 US$ World Bank (2021)

POW Electric power consumption kWh per capita World Bank (2021); IEA (2021a)

FTR Trade % of GDP World Bank (2021)

POP Population, total Number World Bank (2021)

DCP Domestic credit to the private sector % of GDP World Bank (2021); The Global
Economy (2020)

GHG Greenhouse gas emissions from fuel combus- Million tonnes of CO2 1IEA (2021b)

tion—total

Source: Authors’ compilation from World Bank (2021), Global Carbon Project (2021), IEA (2021a, b), The Global Economy (2020)
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Table 2 Pair-wise correlation

and descriptive statistics Variable/Statistic CO AFL POW FTR POP DCP GHG
co 1
AFL 0.754™" 1
POW 0.820"" 0.819"" 1
FTR 0.004  0.040 04417 1
POP —-0.018 0.058 —0.232" —05117" 1
DCP 0.541""  0.608""" 0.600”"  0.108" - 0.020 1
GHG 0.131"  0.173"™ -0.109° —0518"" 0.972"™" 0.102 1
Mean 4797  8603.728 3466239  86.407 12,900,000.000 43.352  54.940
Median 4669 6335480 3224650 81.700 3,900,000.000 39.216  18.450
SD 2380 6378967  1523.018  28.336 20,500,000.000 24.021  79.903
Maximum 10.305 24,081,700 7218.920 161.185  84,000,000.000 118.106 382.800
Minimum 0.494  1307.980  694.665  37.665 2,000,000.000 3.970  1.600
Skewness 0.122  0.958 0.735 0.544 2.406 0733 2425
Kurtosis 2391 2.684 2774 2.553 7.445 3.582 8522

Observations 240

Source: World Bank (2021), Global Carbon Project (2021), IEA (2021a, b), The Global Economy (2020);

authors’ calculation

Significance levels: *p <10%, **p <5%, ***p<1%

Table 2 shows the correlation matrix and summary sta-
tistics for the selected macroeconomic determinants of pol-
lutant emissions in the levels within the STIRPAT model.

Table 2 shows a positive correlation between carbon diox-
ide emissions and real GDP per capita, electricity consump-
tion, and financial development. The correlations between
carbon dioxide emissions and trade openness, and carbon
dioxide emissions and population were not statistically sig-
nificant. The findings suggest a positive correlation between
GHG and real GDP per capita, GHG and population. Moreo-
ver, the negative correlation between GHG, electricity con-
sumption, and trade is reported. The correlation between
GHG and financial development was not statistically signifi-
cant. Table 2 also shows maximum carbon dioxide emissions
for Greece in 2007 (10.30) and minimum carbon dioxide
emissions for Albania in 1997 (0.49).

In contrast, maximum greenhouse gas emissions from
fuel combustion (382.80) is reported for Tiirkiye in 2017
and minimum value (1.6) for Albania in 1997. Real GDP
per capita reports a maximum value for Greece in 2007
(24,081.70) and a minimum value for Moldova in 1999
(1307.98). The following variable of interest is electric
power consumption claiming maximum value for Slovenia
in 2017 (7218.92) and minimum value for Albania in 1997
(694.67). The maximum reported value of openness to trade
(% GDP) is attributed to Slovenia in 2018 (161.19) and the
minimum value for Tiirkiye in 1999 (37.66); the maximum
total population for Tiirkiye and minimum for North Mac-
edonia and Slovenia; the maximum value of financial devel-
opment for Greece in 2013 (118.11) and minimum value for
Albania in 1998 (3.97).

Table 3 Cross-section dependence test

Model Pesaran (2004) CD
L(CO)=f (L(AFL), L(POW), L(FTR), L(POP), 6.634™""

L(DCP))
L(GHG)=f (L(AFL), L(POW), L(FTR), 5.744™"

L(POP), L(DCP))

Source: World Bank (2021), Global Carbon Project (2021), IEA
(2021a, b), The Global Economy (2020); authors’ calculation

Note: L-natural logarithm, significance levels: *p <10%, **p <5%,
kD < 1%

Empirical Results and Discussion

The study proceeds with the empirical results and discus-
sion in a stylised manner. The study begins with the Pesaran
(2004) cross-section dependence (CD) test. Prior to perform-
ing the panel analysis, this diagnostic should be investigated,
as failure to consider CD may cause forecast errors. Results
from the Pesaran (2004) CD tests are depicted in Table 3.
All variables are used in logarithms.

The relevant p values from Pesaran (2004) CD tests are
smaller than 5%, giving strong evidence for rejecting the
null hypothesis that claims cross-sectional independence.
Hence, the null hypothesis of cross-sectional independence
is rejected in favour of an alternative ascertaining a cross-
sectional dependence of the variables under investigation.
The CD refers to the interdependency of determinants of
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Table 4 Results of the CIPS test

Variable Levels First differences

Intercept  Intercept and Intercept  Intercept and
trend trend
L(CO) -1.679 —2.885" —4313" - 4558
L(AFL) -3.118"" —3.090"" —3.826"" —3.853"
L(POW) -—2310° —2431 —4.140""  —3.964™
L(FTR) —1.992 —2.506 —5.078"" —5297"
L(POP) —0.707 —1.475 —3.882"" —4210™
L(DCP) —2.601"" —3.338"™" —4391™"  —4.957™
L(GHG) - 1434 —2.870" — 4324 — 4,680

Source: World Bank (2021), Global Carbon Project (2021), IEA
(2021a, b), The Global Economy (2020); authors’ calculation.

Note: Significance levels: *p < 10%, **p <5%, ***p<1%

Table 5 Westerlund (2007) and Kao (1999) cointegration tests

Test/Variable Statistic L(CO) L(GHG)
Value Value
Westerlund (2007) Gt —3.748™ _ 3887
Ga —-10.078 —12.476
Pt - 11.575" - 11.770""
Pa —10.541 —11.951"
Kao (1999) t-stat —4.284™ — 3,095

Source: World Bank (2021), Global Carbon Project (2021), IEA
(2021a, b), The Global Economy (2020); authors’ calculation

Note: Significance levels: *p < 10%, **p <5%, ***p<1%

pollutant emissions between SEE countries, which may be
attributed to spatial effects.

Subsequently, the cross-sectional Im—Pesaran—Shin
(CIPS) test, developed by Pesaran (2007) and robust to
CD, is applied to confirm that none of the variables is 1(2),

Table 6 Long-run estimations via FMOLS and PMG

as shown in Table 4. The CIPS test findings give enough
evidence to claim that the selected variables are stationary
at first differences in both cases (intercept, intercept and
trend), and none of the variables is I(2).

Panel cointegration tests are applied to see whether the
determinants of pollutant emissions move together in the
long term within the STIRPAT framework. The results
of Kao (1999) residual cointegration test and Westerlund
(2007) cointegration test are presented in Table 5. The
reported p-value of the Kao (1999) test is far smaller
than 5%, suggesting the rejection of the null hypoth-
esis of no cointegration relationship between variables
PEM, AFL, POW, FTR, POP and DCP.

Before proceeding to the long-run associations, the
Westerlund (2007) cointegration test is used to check the
robustness of cointegration relationships. The rejection of
the null is taken as evidence of long-run equilibrium among
the variables, as shown in Table 5. Hence, the existence
of long-run relationships among pollutant emissions, real
GDP per capita, electricity consumption, international trade,
population and financial development is verified in this
study. The affirmation of the long-run cointegration fulfils
the pre-requisite to predict the long-run elasticities of two
indicators of environmental degradation, including carbon
dioxide emissions per capita (CO) and total greenhouse gas
emissions from fuel combustion (GHG).

Long-run elasticities are estimated using the FMOLS and
the PMG estimators on Egs. 5 and 6, respectively. Table 6
shows the associated long-run cointegration parameters
between the determinants of pollutant emissions.

The results for affluence (GDP per capita) show a positive
and statistically significant impact on carbon dioxide emis-
sions and total greenhouse gas emissions from fuel com-
bustion in the long run. In other words, the evidence from
Table 6 via FMOLS implies that pollutant emissions in the
SEE countries increase with affluence, ceteris paribus, and

Estimation method/Variables FMOLS PMG FMOLS PMG

Grouped p=q=1 Grouped p=q=1
L(AFL) 0.369"" (0.113) 0.396™ (0.184) 0.444™ (0.103) 0.187"" (0.055)
L(POW) 0.749"" (0.062) 0.929"" (0.184) 0.654™" (0.097) 0.782""" (0.073)
L(FTR) —0.126"" (0.045) —0.895" (0.175) —0.157" (0.066) —0.664"" (0.087)
L(POP) 0.414™" (0.129) 0.385" (0.113) 0.309""" (0.082) 0.886™" (0.172)
L(DCP) —0.045 (0.029) 0.229"" (0.062) —0.021 (0.020) —0.053" (0.031)
ECT, - —0.151"" (0.063) - —0.270" (0.096)
Groups 10 10 10 10
Observations 230 230 230 230
Dependent variable L(CO) L(GHG)

Source: World Bank (2021), Global Carbon Project (2021), IEA (2021a, b), The Global Economy (2020); authors’ calculation
Note: Standard errors in parentheses. Significance levels: *p <10%, **p <5%, ***p < 1%. PEM is the dependent variable
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support H,. These findings are consistent with Shaari et al.
(2020), Arouri et al. (2012), Magazzino and Cerulli (2019),
Singh and Mukherjee (2019), Wang et al. (2017), Yan et al.
(2017), Ibrahim et al. (2017), Akpan and Akpan (2012),
Gonzalez-Sanchez and Martin-Ortega (2020), and Zhu
and Gao (2019). The practical implication of this finding is
explained in this section. Furthermore, the corresponding
long-run coefficients associated with real GDP per capita
are positive. Thus, it can be said that economic growth has
a positive impact on pollutant emissions in SEE countries.
The primary cause of such an effect is the extensive use of
non-renewable energy sources, which has increased green-
house gas emissions into the atmosphere (Sun et al. 2019;
Adebayo et al. 2020).

The empirical findings in Table 6 also reveal that a 1%
increase in electric power consumption statistically and sig-
nificantly increases the carbon dioxide and total greenhouse
gas emissions from fuel combustion by 0.749% (FMOLS)
and 0.654% (FMOLYS), respectively, supporting H,. An
exponential increase in electricity consumption has driven
a significant growth performance of SEE countries. How-
ever, most of the electricity was sourced from fossil fuels
(88%) in 2005. Coal provides almost 40% of the total energy
(EEA 2008). These results can be explained by the fact that
electricity consumption is an essential and irreplaceable
source in the production process that is also recognised as
the primary contributor to environmental damage. Herein,
electricity consumption is an unfriendly energy source for
the environment and is predicted to increase the adverse
environmental impacts of real GDP per capita. Consider-
ing that electricity consumption positively impacts pollut-
ant emissions, SEE countries should reveal environmental
improvement by upgrading their renewable electricity gen-
eration capacities.

Based on the regression coefficients, it can be seen from
Table 6 that electricity consumption is the most vital driver
of pollutant emissions. There is no doubt about the causal
effect of human activity on pollutant emissions, mainly due
to fossil energy combustion for purposes such as transporta-
tion or heating. Although electricity consumption per capita
varies among countries, more humans emit anthropogenic
gases, ceteris paribus. Energy and environmental issues are
strongly interrelated since it is nearly impossible to produce
or consume energy without significant environmental and
economic outcomes ranging from air pollution, deforesta-
tion, climate change, waste products, and water pollution.
The anthropogenic emissions from fossil fuel combustion
are the primary cause of water and air pollution in urban
areas. This positive coefficient of electricity consumption is
supported by Salahuddin et al. (2018), Yan et al. (2017), and
Akpan and Akpan (2012).

Regarding the impact of population, it is noticed that a 1%
increase in the total population increases the carbon dioxide

emissions and total greenhouse gas emissions from fuel
combustion by 0.414% (FMOLS) and 0.309% (FMOLS),
respectively. The main implication of this finding is that the
total population is likely to impose a positive impact on pol-
lutant emissions, a result which is consistent with Zhu and
Gao (2019), Coskuner et al. (2020), Mujtaba et al. (2020),
Hernandez-Pérez et al. (2022), Satrovic and Adedoyin
(2022), and Ahmad and Wu (2022). The linkage between
population and environmental outcomes is often considered
straightforward: more humans should have a more promi-
nent environmental effect, ceteris paribus, supporting H,.
Most notably, population growth interacts with affluence
and energy consumption and could result in environmental
degradation. Herein, population growth is a strong driver of
climate policy. Furthermore, Table 6 suggests that a larger
population entails more pollutant emissions, ceteris paribus.
Thus, it can be said that more future people will be vulner-
able to climate-related impacts.

The coefficient estimates are significant and negative con-
cerning the effects of trade openness on pollutant emissions.
This exhibits that the countries more included in interna-
tional trade reveal lower carbon dioxide emissions and total
greenhouse gas emissions from fuel combustion. Herein,
trade openness can help to reduce the adverse environmen-
tal impacts of economic growth, meaning that trade policies
are powerful tools to accelerate climate-friendly innovation
to support climate action. Studies such as Dogan and Seker
2016, Sun et al. 2019, Adebayo et al. 2020, and Mujtaba
et al. 2020 reported the negative impact of trade openness
on pollutant emissions. This result, which shows that trade
openness has a negative effect on pollutant emissions, rejects
the H3.

In contrast, the coefficients with domestic credit to the
private sector showed mixed evidence of the impact of
financial development on pollutant emissions, providing
no support to Hs. The long-run coefficients associated with
financial development are found to be negative but statis-
tically insignificant (Khan et al. 2019). Finally, the coef-
ficient value of the error-correction term is significant and
negative, which shows the speed of adjustment, suggesting
that the equilibrium restores in the long run. Table 6 shows
that the effect of all independent variables on carbon diox-
ide emissions is entirely consistent with the estimated total
greenhouse gas emissions from fuel combustion. Hence, the
similarities of the magnitudes verify the robustness of the
regression outcomes across the two indicators of pollutant
emissions.

ENVSEC (2012) suggests that SEE countries are under
a severe threat related to climate change. However, these
countries’ contribution to global emissions is much lower
than the European Union (EU) average. Yet, some of the
SEE countries are EU member states, but do not recognise
the association with the EU as a primary strategic objective.
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Table 7 Results of causality tests based on VECM (m = 2)—L(CO) as a dependent variable

Dependent variables Short-run Long-run coefficients
coefficients
AL (CO) AL (AFL) AL (POW) AL (FTR) AL (POP) AL (DCP)  ECT

AL(CO) - 0.179" —0.191" —0.323" —-0.764™ —0.007 -0.671"

(0.087) 0.109) (0.134) (0.067) (0.005) [ 7.873]

AL(AFL) 0.070 - 0.117 0.003 —0.089™ 0.187" —0.346™"
(0.152) 0.124) (0.015) (0.026) (0.053) [—4.217]

AL(POW) —0.162" 0.259"" - —0.440™" —-0.381" —0.296™ —0.202""
(0.054) (0.126) (0.102) 0.114) 0.127) [-2.898

AL(FTR) —0.396™" —0.449 0.111 - - 0.002 0.451™" -0.071"
(0.071) (0.358) (0.070) (0.014) (= 0.206) [-2.017]

AL(POP) —0.447 0.029 —0.003 —-0.021 - 0.658"" —0.093"
(0.556) (0.083) (0.010) (0.031) 0.159) [— 1.935]

AL(DCP) —0.171 —0.056 —0.007 —-0.016 - 0.043 - —-0.076
(0.540) (0.091) 0.012) 0.014) (0.043) [- 1.616]

Observations 200

R-squared 0.560 0.0929 0.479 0.550 0.453 0.242 -

S.E. of regression 0.068 0.038 0.067 0.076 0.013 0.103 -

F-statistic 18.224 1.54409 13.845 17.495 11.841 4.565 -

Log likelihood 260.922 263.6407 216.578 237.863 595.873 177.941 -

Source: World Bank (2021), Global Carbon Project (2021), IEA (2021a, b), The Global Economy (2020); authors’ calculation
Note: Standard errors are presented in parentheses and t-statistics in brackets. ECT represents the error-correction term. Significance levels:
*p<10%, **p<5%, ***p<1%

Table 8 Results of causality tests based on VECM (m = 2) — L(GHG) as dependent variable

Dependent variables Short-run Long-run coefficients
coefficients

AL (GHG)  AL(AFL) AL (POW) AL (FTR) AL (POP)  AL(DCP)  ECT

skt ook sk skt

AL(GHG) - 0.209 —0.068" —0.434 0.829 —-0.014 —0.558
(0.028) (0.034) (0.086) (0.348) (0.147) [-7.112]

AL(AFL) —0.107 - 0.024 —-0.233" 0.247° —-0.238" —-0.291°
(0.147) 0.017) (0.081) (0.082) (0.084) [- 3.526]

AL(POW) 0.169" 0.284™" - —0.051 —0.031 0.018 —0.190""
(0.084) (0.084) (0.049) (0.020) (0.084) [-2.615]

AL(FTR) 0.120" —0.263 0.078 - —-0.017 —-0.021 -0.077"
(0.068) (0.349) (0.048) (0.033) (0.057) [ 1.691]

AL(POP) —0.044 —0.331 0.062 0.038 - —0.048 —0.068"
(0.753) (0.359) (0.042) (0.040) (0.045) [— 1.954]

AL(DCP) 0.034 —0.077" —0.052 —0.027 0.069 - —0.055
(0.057) (0.046) (0.049) (0.049) (0.046) [ 1.215]

Observations 200

R-squared 0.487 0.198 0.485 0.551 0.447 0.243 -

S.E. of regression 0.066 0.038 0.066 0.076 0.013 0.103 -

F-statistic 13.561 3.528 13.474 17.537 11.575 4.586 -

Log likelihood 265.631 375.667 266.052 237.997 594.852 178.051 -

Source: World Bank (2021), Global Carbon Project (2021), IEA (2021a, b), The Global Economy (2020); authors’ calculation

Note: Standard errors are presented in parentheses and t-statistics in brackets. ECT represents the error-correction term. Significance levels:
*p<10%, **p <5%, ***p<1%
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In this light, future development has been grounded in the
EU Sustainable Development Strategy.

Finally, the panel VECM is employed to investigate the
direction of causality. Tables 7 and 8 show the panel causal-
ity test results based on the panel VECM (the voluminous
output of VECM estimation is available upon request).

Tables 7 and 8 report a bidirectional causal relationship
between electricity consumption and PEM, certifying the
interdependence of energy and environmental sustainabil-
ity objectives. These findings are supported by Dritsaki and
Dritsaki (2014). The feedback hypothesis between free trade
and pollutant emissions is consistent with Khan et al. (2019).
As a result, it is ideal for the SEE countries to expand the
intensification of foreign trade to hold on to their environ-
mental sustainability objectives. Affluence is reported as
a one-way causal relationship with pollutant emissions in
the short run. There exists an extent of literature support-
ing the findings of the current study, such as Akpan and
Akpan (2012), Dogan and Seker (2016), and Adebayo et al.
(2020). This causal relationship is justified from the per-
spective that enhancing economic output can deteriorate
environmental quality. Moreover, this finding establishes
income as the decisive causal factor for pollutant emissions
in SEE countries.

According to the causality results in Tables 7 and 8, there
is significant causality running from population to pollutant
emissions, which was also revealed by Khan et al. (2019).
As for the pollutant emissions and financial development
relationship, no causal relationship was found, which is
consistent with the arguments made by Omiri et al. (2015)
and Khan et al. (2019). The presence of long-run causality
running from affluence to pollutant emissions is validated
in Tables 7 and 8. The significant negative coefficient of
ECT with environmental depletion as the dependent variable
shows that pollutant emissions converge to long-run equi-
librium claiming a long-run causality. Long-run causality
is also supported when real GDP per capita, electricity con-
sumption and openness to trade are the dependent variables.

Concluding Remarks

The Stochastic Impacts by Regression on Population,
Affluence and Technology framework is used to examine
the relationships between pollutant emissions, affluence,
electric power consumption, population, openness to trade,
and financial development in ten Southeastern European
(SEE) economies from 1997 to 2020. The cross-sectional
dependence tests, panel data unit root tests, cointegration
tests, panel pooled mean group (PMG) and fully modified
ordinary least square (FMOLS) estimators, and Granger cau-
sality tests based on the vector error-correction mechanism
(VECM) are used to obtain the empirical results.

The findings suggest that the selected macroeconomic
determinants of pollutant emissions have long-run conse-
quences. Empirical results suggest a positive association
between affluence, population, and pollutant emissions.
Similarly, electricity consumption has an upward-sloping
and statistically significant effect on pollutant emissions.
These findings imply that affluence, population and electric
power consumption impose unfavourable impacts on pol-
lutant emissions in the panel of ten Southeastern European
countries. The results also reveal a favourable association
between openness to trade and pollutant emissions. Con-
versely, the evidence concerning the impact of financial
development on pollutant emissions is mixed. Causality
tests suggest a two-way causal relationship between elec-
tricity consumption and pollutant emissions and openness
to trade and pollutant emissions. However, a one-way cau-
sality from affluence to pollutant emissions and population
to pollutant emissions is also revealed. Long-run causality
is supported when pollutant emissions, affluence, electric
power consumption, and openness to trade are the depend-
ent variables. Overall, these results show that the volume of
selected macroeconomic variables can predict the behaviour
of pollutant emissions.

Based on these findings, the study suggests some essen-
tial policy measures. In particular, policies should be deliv-
ered to mitigate several significant concerns for pollution
and promote sustainable development. This includes urban
air quality as one of the crucial environmental challenges
affecting human health, the economy (hampering tourism
development), and natural resources for the future. Address-
ing these problems requires dedicating sufficient institutional
capacity and legal and policy measures, including economic
instruments such as environmental taxes discouraging pol-
luting consumption and incentivising investments into envi-
ronmentally friendly technologies.

The findings of this study proved that balancing financial
development and pollution prevention policies is relevant if
attempting to mitigate the adverse environmental impacts
in Southeastern Europe. Thus, enforcing strict guidelines
and regulations to ensure compliance with environmental
requirements could reduce investments in the most polluting
industries of the region, which can be anticipated to neu-
tralise the unfavourable environmental effect of financial
development. The positive coefficient with electricity con-
sumption suggests that additional investments are needed
to enable the countries to build an energy system that is
substantially less reliant on non-renewable energy sources.
Herein, Southeastern European countries must mobilise
the required investments in renewable energy to enable the
region to deliver energy at competitive costs when undergo-
ing a renewable energy transition. The region can stimu-
late sustainable development and job creation by placing
energy transition investments, environmental regulations,
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and policies at the heart of Southeastern European’s eco-
nomic progress.

The current study is restricted to the ten Southeastern
European countries due to the unavailability of data for other
countries. The unavailability of relevant data has also lim-
ited the period of the study. In addition, data limitations
also restricted the study from including other key macroeco-
nomic determinants of carbon dioxide and total greenhouse
gas emissions in the models. It is also limited to estimat-
ing linear relationships. With time, it shall be possible to
examine more Southeastern European countries and assess
the nonlinear impacts of the variables. Additional explana-
tory variables, such as agriculture, renewable energy, foreign
direct investments, secondary industry factors, and energy
consumption categories, could also be relevant determi-
nants of pollutant emissions. In the future, this study can
be extended to evaluate the role of different components of
globalisation and natural resources abundance on regional
carbon dioxide and total greenhouse gas emissions figures
and other environmental sustainability indicators. Finally,
it would be helpful to develop an environmental emissions
index for the Southeastern European countries and employ it
within the Stochastic Impacts by Regression on Population,
Affluence and Technology framework.
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